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nevertheless be encountered and crossed by substantial realities, in their passage from one territory to the other.
But, it will naturally be asked, what have all these astronomical illustrations of "free" bodies to do with engineering mechanics, when no engineer or mechanic ever saw anything in his work which acts in that way ? The answer is that, in spite of the strangeness of the idea, this is the only way in which any portion of matter ever really does act, when it acts purely mechanically. In some departments of mechanics, chiefly in gunnery, the projectiles which form the chief subject of study do come very nearly to acting in this way. The only assumption which has to be made, in reducing their ordinary action to a true, or "free," or natural basis, is that the friction of the atmosphere be absent. Then their paths are commonly said to be parabolic. But this is a statement which is only approximately true. It is made because it is simple and easy to assume that the lines of gravitational force which radiate from the earth's center are, for small portions of its surface, virtually parallel; and also because the result is not far enough wrong to upset calculations.
But for the special purposes of our argument it is far better to keep in mind the exact truth—which is simple enough so long as we do not try to make any detailed calculations—namely, that all cannon-balls, base-balls, foundry-drops, etc., are in reality following elongated elliptical orbits passing closely around the center of the earth. But of this orbit the only portion which we can see is the apastron tip. The remainder of the orbit never is traversed, because collision with the solid surface of the earth breaks up the phenomenon, in a dissipation of energy in thermodynamic, rather than mechanical, action.*
But even to get such a slight peep as the above at pure mechanical action on the surface of the earth, we have had to
*The foundry-drop is ordinarily regarded as falling toward the earth in a straight vertical line. Yet, in reality, as it leaves the latch it possesses a tangential velocity, parallel with the earth's surface, of over fifteen hundred feet per second, due to the earth's rotation. If we could imagine the mass of the earth as suddenly concentrated at its center, or within a sphere about ten miles in diameter, the foundry-drop would be free to describe an elliptic orbit passing- around the center of the earth at a distance of about seven miles, and exhibiting* at perfastron a tangential velocity of 170 miles per second. Midway toward the center of the earth this ellipse would spread out to a conjugate diameter of over one hundred mil'3*?. Yet this illustration is the nearest approach to rectilinear motion which we can produce in the engineering arts!